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(Name of Document] Specification 

. , Snot Joining Method and Spot Joxnmg 

[Title of the Invention] Spot 001 & 

Device 

[Claims] 

, A spot joining method comprising the steps of: 
' ^aioinin.tooihavingapinata.pendpo.tion^or 

around an ^ of the joining too! with the pin pressed against a 
predetermined joint spot of iapped ^ to he joined, the pm hem 
protruded aiong the axis; inserting the pin into the predetermined ,o,nt 
po.ofthe.ppedworUsheatedandsoftenedd.etoMctionheat.s^ng 

joi nt spot hy using the rotating pin and rasing the lapped worfcs at *e 
Ulined joint spo, and pu^g out the joining ^ aiong - ~ . 

joint spot. 

+ W according to Claim 1, wherein a receiving 

0 The spot joining method according 

v,;^ tVie laoDed works are placed 
member having a flat receiving face on whxch the lappe 

1 provided opposite to the tip end portion of the joining tool to rece. 

3 A spot joining device comprising: 
' ^oiningtooihavingapinatatipendportionthereof.thepinhemg 

protruded along an axis of the joining tool; 

a rotation motor for rotating the joining tool around the axrs 
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thereof; and v,^ tool along the axis thereof, 

movement motor for moving the joining tool along tn 



a 

wherein 



^ tHe axis by the movement motor 

the joining tool is moved along the axis oy 
whUe the joining tooi is rotated the rotation motor, the pin is pressed 
agato stap rede —cd joint spot o fl a PP edw 0rk s to .eioincdan,, 

Lrted into the predetermined joint ^ -ted and 

friction neat, portions of tne iapped W or k s that are in the - 

WO r k s are fused at tne predetermined joint spot, and tne „ too -s 
pu »ed out aiong the a*s h y the movement motor, wheret* the iapped 
works are spot-joined at the predetermined joint spot. 

4 Th e spot joining device accordin* to Ciaim 3. wherein the rotation 
mo tor is a, inducnon motor or a servo motor and the movement 
motor is the servo motor. 

(Detailed Description of the Invention] 

pool] 

[Technical Field of the Invention] 

The present invention reiates to a spot joinin g method and a spot 
jotota « device for spot joining of wo*, made of aiuminum aUoy or the 
like. 

[0002] 

[Related Art] 
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Conventional*, as a method for spot joining of plates made of 
aluminum Hoy or the like, there have been a resistance spot weld,ng 
m ethod, a mechanical fastening method using rivets, and the hke. 

[0003] 

(Problems to be Solved) 

in the resistance spot welding method, there exist problems in 
running cost and qualiry control, including a need for a power supp* of a 
^e capacity in spot joining, short life duration of welding electrodes due 
to contamination or wear-out, and a need for utilities such as water and 
air in addition to a welding power. 
[0004] 

I„ the resistance spot welding me&od, since indentations remain 
on joined portions, this method is undesirable when applied to outer 
plates for automobile because its external appearance is lessened. 
[0005] 

in particular, in the resistance spot joining of works made of the 
aluminum alloy, since the electrodes significantly wear out, the abiHty to 
perform continuous spotting is low. When current is conducted, it flows 
through spots close to a spot to be conductive, that is, current is shunted. 
Hence, it is impossible to place the spots close to one another. For thts 
reason, it is impossible to obtain required strength. 
[0006] 

Meanwhile, riveting requires a number of rivets as wear-out 

members. 

[0007] 
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An object of the present invention is to provide a spot joining 
m ethod and a spot joining device in which o^ity control is easily 
performed, running cost is improved, and no indentations remain on 

joined portions. 
[0008] 

[Means for Solving the Problem) 

According to the present invention recited in claim 1, there is 
provided a spot joining method comprising the steps of: rotating a joining 
toolhavingapinatatip end portion thereof around an a*is of thejoining 
too! with the pin pressed against a predetermined joint spot of lapped 
works to be joined, the pin being protruded along the axis; inserting the 
pin into the predetermined joint spot of the lapped works heated and 
softened due to friction heat; stirring portions of the lapped works that 
are in the vicinity of the predetermined joint spot by using the rotating 
pin and fusing the lapped works at the predetermined joint spot; and 
pulUng out the joining tool along the axis, thereby performing spot joining 
of the lapped works at the predetermined joint spot. 

[0009] 

in accordance with the present invention, two works to be joined 
are lapped and placed. The joining tool is rotated at a high speed and 
the pin at the tip end portion thereof is pressed against the joint spot of 
the lapped works to be joined. Thereby, the joint spot is heated and 
softened due to friction heat and the pin is inserted thereinto. By 
further rotating the tool, portions of the works around the pin plastically 
flow and are stirred. The two works are fused at the joint spot. After 



v, tnol the softened works are solidified and the two 

pulling out the joining tool, tne soiusw 

works are spot-joined at the joint spot. 
[00 IP] 

Thus, in the spot Joining method of the present invention, the 

joining too. is rotated to generate friction heat for Joining the works. 
Therefore, compared with the resistance spot welding, spotjoining can be 

carried out with a power of a significant* smaUer capacity. In addmon, 
utiliti es other than the power are unnecessary, and the Joining too! can 
he used over a long period of time without the need for maintenance 
because the joining tool is neither contaminated nor worn out. 
Therefore, running cost is reduced and management is easily made. 
Unlike the mechanica, fastening method using rivets, since fasten** 

m embers are unnecessary in the spot joining method of the present 

invention, cost and weight are not increased. 

[0011] 

to the invention recited in claim 2. a receiving member havmg a 
flat receiving face on which the lapped works are placed is provided 
opposite to the tip end portion of the joining tool to receive a pressmg 
force from the joining tool pushing against the lapped works. 
10012] 

In spotjoining, for example, two works to be joined are lapped and 
placed on the receiving member. From above of the works, the joining 
toolisrotatedandpressedagainsttheworkstobejoined. Theworksare 
supported on the receiving member such thataface of one of the works, 
pressed against the flat face of the receiving member, and spot jommg ts 
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performed from the opposite side of the receiving member. A hole » 
formed on the works as a res.lt of pin insertion, but the face pressed 
^insttheflatface of the receiving member is kept flat because the pin. 
inserted from the opposite side of the receiving member and does not 
reach the face. After joining, this work can be used as an outer plate. 
[0013] 

According to the present invention recited in claim 3, there is also 
provided a spot joining device comprising: a joining tool having a pin at a 
U p end portion thereof, *e pin being protruded along an axis of the 
joining tool; * rotation motor for rotating the joining tool around the a»s 
hereof; and a movement motor for moving the joining tool along the a«s 
hereof, wherein the joining tool is moved along the axis by the movement 
ffi otor while the joining tool is rotated by the rotation motor, the p,n » 
pressed against a predetermined joint spot of iapped works to be joined 
^d is inserted into the predetermined joint spot heated and softened due 
to fricuonheat,portionsof the lapped works that are in the vicinity of the 
predetermined joint spot are stirred by using the rotating pin, the lapped 
works are fused at the predetermined joint spot, and the joining tool » 
puUed out along the axis by the movement motor, whereby the lapped 
works are spot-joined at the predetermined joint spot. 
100141 

to accordance with the present invention, the joining tool » 
rotated by the rotation motor and is moved along the axis by the 
movement motor. Thereby, plastic flow occurs due to the generated 
friction heat as described above. Thus, a plurality of works can be 
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spot-joined at joint spots. 
[00151 

to the present invention recited in claim 4, the rotation motor „ 
an^ction.otororaser.o.otorand^ 

motor. 

[0016) 

In accordance wi«h the present invention, by using the induction 
mot0 r or the servo motor as the motor for rotating the joining tool around 
^ axis, the joining too! can he rotated at a high speed. Also, by using 
^ servo motor as the motor for moving the joining too! along the ax*, a 
joining depth can be controlled with high precision. 
[0017) 

[Embodiment of the Invention] 

Fig 1 is a cross-sectional view showing a spot joining device 1 
accordingtoanembod^entofthepresentinvention. Referring now to 
Fig !, the spot joining device 1 is used to join worKs such as two 
aluminum alloy plates by lap joint, and comprises a joining tool 2, an 
inductfon motor 3, a servo motor 4, a linear guide 6. a receiving member 

7 and a frame 9. 
[00181 

The joining too,2is supported by means ofbearings 11 such that 
it is rotatable around an axis U of the joining tool 2. The joining tool 2 » 
driven by the induction motor 3 to be rotated around the axis LI at a h,gh 
sp eed The induction motor 3 is mounted on the frame 9 by means of 
the Unear guide 6 such that it is vertically movable along the axis LI of 
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the joining tool 2. 
[0019] 

The linear guide 6 is mounted on the frame 9 and comprises a 
guide rail 15 extending >n parallel with the axis LI of the joining tool 2 
and a guide member 16 movably attached on the guide rail 15. The 
hearings U supporting the induction motor 3 and the joining tool 2 are 
attached to the guide member 16 of the linear guide 6. Thereby, the 
■ joining tool 2 is vertically movable along the axis LI together with the 

induction motor 3. 
[0020] 

A servo motor 4 and a ball screw 5 are mounted on the frame 9. 
The servo motor 4 drives a screw shaft 13 of the baU screw 5 through a 
belt 12. causing the screw shaft 13 to rotate. The screw shaft !3 .s 
pla ced in parallel with trie axis LI of the joining tool 2. A nut 14 screwed 
on the screw shaft 13 is verucaUy moved according to rotation of the 
screw shaft 13. The nut 14 is attached to the guide member 16 
Unear guide 6. That is, driven by the servo motor 4, the screw shaft 13 
of the ball screw 5 rotates, thereby allowing the joining tool 2 to be 
verucaUy moved along the axis LI together with the induction motor 3. 
[0021] 

The frame 9 has a lower portion bent in L-shape and a tip end 
portion to which the receiving member 7 is mounted. The receiving 
member 7 is a column-shaped member placed opposite to the joining too. 
2 and is disposed coaxially with the axis LI of the joining tool 2. The 
receiving member 7 has a flat upper face opposite to the tip end of the 
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joining tool 2. In spot joining, works to be joined are placed on the flat 
upper face serving as a receiving face 8 subjected to a pressing force from 
the joining tool 2. 
[0022] 

Figs. 2(a), 2(b) are views showing two types of shapes of the tip end 
portion of the joining tool 2: The joining tool 2 is conical and 
downwardly tapered toward a tip end thereof and is provided with a 
short-column shaped shoulder portion 20 at the tip end thereof. Apin 

21 is formed on a lower face 22 of the shoulder portion 20 such that it is 
protruded from a central portion of the lower face 22 along the axis LI. 
[0023) 

The shoulder portion 20 has two types of shapes, i.e„ a curved 
face type shown in Fig. 2(a) and a flat face type shown in Fig. 2(b). As 
shown in the shape of the curved face type of Fig. 2(a) , the lower face 22 of 
the shoulder portion 20 is conically shaped such that it is upwardly 
recessed at a central portion thereof, and from the most deeply recessed 
central portion, toe pin 21 is protruded downwardly along the axis LI - A 
comer portion 23 where an outer peripheral face 25 and the lower face 22 
of the shoulder portion 20 axe connected is smooth and circular-arc 
shaped and a portion 24 where the lower face 22 and the pin 21 are 
connected is also smooth and circular-arc shaped. The tip end portion 
of the pin 2 1 has a slightly raised central portion. 
(0024) 

As shown in the shape of the flat face type of Fig. 2(b), the lower 
face 22 of the shoulder portion 20 is a flat face perpendicular to the axis 
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U and has a centra, portion from which *e pi» 21 is protruded 
d ownwardly. The corner portion 23 where the outer peripheral face 25 
^ ^ low er face 22 are connected U smooth and circular-arc shaped 

, , 99 and the pin 21 form a right 

Uke *e shape of Fig. 2(a) but the lower face 22 and the P 

^e at a portion 26 where they are connected. Like the shape of* . 
2( a),the ti pendper ti0 nofthepin 21 has a s 1 i S ht ly ra is edcent r a 1 port 1 on. 

[0025] - 
^ outer diameter Dl of the shoulder portion 20 is, for example. 6 
_ 20 mm. ^outerd iam eter D 2o t thepin2Us2- 7 rn m anda,en^H 
^epin^s! — Th e jommg tool 2 is made of too, s eel harder 
tKan aluminum alloy of which the works to be welded are made. 
[0026] 

Kgs 3(1), 3(2, are views showing a spot joining method of the 
present invention. In this embodiment, works 30, 31 corresponding to 
tvro aluminum alloy plates are lap-joined. 

[0027] 

Kirst of all, the works 30, 3! axe p!aced on the receiving face of 
^receivmgmemberTsuchthatajomtspotPoftheworks^^l 

conforms to the axis LI. Then, the induction motor 3 drives *. .ommg 

example. 

[0028] 

subsequently, the rotating joining tool 2 is moved downwardly 
a* the axis LI by the servo motor 4. When the pin 2 1 of the Joining 
t0 ol 2 reaches the work 30, the work 30 is heated and softened due to 



friction generated between the rotating pin 21 and the work 30 and the 
pjn 21 is inserted thereinto. When the pin 2! is inserted, the iower face 
22 of the shoulder portion 20 comes into contact with the wo* 30, and a 
vicinity of the Joint spot P is heated due to friction generated between the 
lo wer face 22 and the work 30. Plastic flow is induced as a result of 

due to friction heat and tte vicinity of the joint spot P is stirred by the 

rotating pin 2 1 . 
[0029] 

in this embodiment, the pressing force of the joining too. 2 >s set 
to 300 kgf. The pressing force is received by the receiving member 7. 
[0030] 

Thus, aiter the tip end of the pin 2! passes through a joint face 
between the works 30. 3 1 and is inserted just before a rear face of the 
work 3 1. the joining tool 2 rotates to stir the vicinity of the joint spot to 
be formed into a plastic-flowing area as shown in Ftg. 3(1). 
Consequently, the works 30. 3! are fused at the joint spot P. 
[0031] 

' After stirring for a given time, the joining too! 2 is puUed out as 
shown in Fig. 3(2). The given time is, for example, set to about 1 - 10 
seconds. After the pin 21 is pulled out, the piastic-flowing works are 
solidified and the works 30, 31 are joined at the joint spot P. 
[0032] 

Kg 4 is a view showing a cross section of the joint spot of the 
joined works 30, 31, As shown in Fig. 4, a concave portion is formed 
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front surface, of the works 30, 31 by inserting the pin 71 and the 
sh oulder 20 thereinto from above. The vicinity of the concave pornon 
pla s ti c al ^owstoa 11 owthewor k s30,3 lt o b ef U se d . « is shown *at a 
Lfaceof the work 3! is kept flat, because the P in 2 l is not mserted 

to the rear face from below. In the example shown in Fig. 4, the 

shoulder of the curved face type is used. 

[00331 , , 

FigS showsatestresultof the spot joining method of the present 

mention, in this test, an automobile member made of aluminum 

was joined. MorespecincaUy.eageportionsofabonnetwere^ 

» aluminum alloy plate 0.9 mm thick as an inner work were jomed and 

required joining strength was set to 0.5 kN or more. 

[00341 H . . . , 

V ■ 01 nf 2 1mm <f> was used. The applied load 
In this test, the pm 21 of 2.1 mmv 

was kept constant (300 kgf, The number of rotations was set to 1500 
rp m, 2 600r P m,or 25 00rpm. The joining too! of the curved face type 

. . ,„f the flat face type were used for joining ume set m 
and the joining tool of the flat taceryp 

the range of !.0 - 3-3, As shown in Kig- S. in every test, a pref ~b* 
r esu,t that shearing load great* exceeded the reared joinmg strength 
md shearing strength varied less was obtained. 
[00351 

m the spot joining method, as described above, since the concave 
porti on is not formed on the face situated on the opposite side of the face 
L which the too, is inserted arm therefore the face on the oppose 
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••• be oerformed without lessening external 

is kept flat, spot joamng can be perform 

appearance. 

10036] , f 

to works to be Joined arc not limited to the works made 

.uminumaUoy and stainless steel plates can - jomed. °< 
Cerent W e S as we« as the worU, ome s-e We can be J01 ned. 

rripotio tai n g n > e to odomepre S ent i nven ti on, i tU P rererab, 
« flat-plate -ped and a,— aUoy works o f the same ^ are 
lap ,oin«d as described above. *» or .ore 

-ed Also the works of different types may be Lapsed. 
beIap - JOm£d - M ■ , ' lurality of three-dimensionaHy shaped 
^rther, a combinafcon of a pluraUty of 

works may be used and the spotjommg method of the p 
may be employed when lapped faces are joined. 

WhUe in this embodiment, the induction motor is used as the 
mo tor for rotatins *e ioinin, tool, the present invention is not m.ted to 
^andtheservomotormaybeused. The rotational speed of the 
iUtoolcanbecontronedwithhi^precisionbyrota^the^ 

tool by using the servo motor. 

10039) . . ■ 

Since it is not necessary to conduct current in *e spot « 

weldin, method, the works to be joined need not be metals and wo*s 
ma de of synthetic resin and works in which decorative sheets made of 
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s^thetie resin are bonded to outer faces of metal plates may be joined. 
[00401 

spot joining device of the present invention is used as a spot 
joininggun.whichismovably supported by a dancer, for camp.e. An 
ope.atorperformsspotioiningoperationwiththegun. Also an 
a«d robot may he capped with a gun on its wrist and adapted. 

, ^ ^ot ioining of predetermined joint spots according 
sequentially perform spot joining oi P r 

to a teaching program. 

Talother examp.e of the joining tool, a screw may be formed at 

inserted into the works to be joined. 

10042] , 
The spot joining method of the present invention can be appUed to 
not only joining of the automooUe member made of aluminum alloy but 
also joining of a railway vehicle made of aluminum alloy, an alummurn 

casing, or the like. 
[0043] 

[Effects of the Invention] 

As scribed above, in the spot joining method of the present 
mention, the joining tool is rotated to generate friction heat for joinmg 
^ worKs. Therefore, compared with the conventional resistances^ 
^g. spot join*g ca, be carried out with a power of a sign*— 
scalier capacity. * addition, utihties other than the ^ « 
unnecessary, and the joining tool can be used over a long penod - 
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^out the need for maintenance because the joining too! is nei*er 
.orated no, worn out. Therefore. — ~< * »*— ^ 
m anagement is easily made, Unlike the mechanical fastening method 
using rivets, since fastening members are unnecessary in the spot joimng 
method of the present invention, cost and weight are not increased. 
[0044] 

The face on *e opposite side of the face into which the joining too. 
is inserted is kept flat, and therefore, this work can be used as an outer 
plate, after joining. 
[0045] 

By using the induction motor or the servo motor as the rota.cn 
motor.thejoiningtodcanberotatedatahighspeed. Mso, by using «he 
set vo motor as the movement motor, a joining depth or the like can be 
controlled with high precision. 

(Brief Description of the Drawings] 

Fig. I is a cross-sectional view showing a spot joiningdev.ee I 
according to an embodiment of the present invention; 

Figs. 2(a), 2(b) are views showing two types of shapes of a *p end 

portion of a joining tool; 

Figs. 3(1), 3(2, are views showing a spot joining method of the 

present invention; 

Kg 4 is a cross-sectional view showing joined works 30, 31; and 
Fig. 5 is a view showing a test result of the spot joining method of 

the present invention. 
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[Name of Document] Abstract 

A.potioinmgm^odandaspotio^dc.ceinw.ich 

quality control is easUy P-*™* — ~* ta 
indentations remain on joined portions are provided. 

[M eans for Solving the Problem, A spot joining device 1 compos a 
U g - 12 ,an — motorsforrotatins^ejoininsto^a.rvo 

motor 4 for vertical moving the joining too! 2 along an axis LI of the 
fining too, 2 , and a receiving member 7 p,aced opposite to the joinmg 
t00 l 2. The joining too, 2 inCudes a short-column shaped shoulder 20 
an d a pin 2! protruded downward* along the axis LI from a central 
portion of a lower face of the shou,der 20 at a tip end portion thereof. 
Two works such as aluminum al,oy p,ates are iapped and p.aced on a 
receiving member 7. When the joining too, 2 is rotated and moved 
downward,, a joint spot P of the works is heated and softened due to 
friction heat generated by the rotating pin 2, Thereby, pias.c flow 
oocu rs in the vicinity of the jointspotP. The vicinity of the joint spot P >s 

-' • 4- p Thus the works axe 
stirred and the works are fused at the jomt spot P. Thus, 

spot-joined. 

(Selected Figure] Fig- 1 
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